INTRODUCTION {#sec1-1}
============

Pesticides play an important role in the high productivity achieved in agriculture through the control of pests. However, pesticides are intentionally toxic, often towards non-target organisms. Organophosphate (OP) and carbamate pesticides are designed to inhibit acetylcholinesterase (AChE) and this enzyme has been used the most in enzymatic detection of these pesticides. Many enzymes used for the detection of pesticides are inhibited by the pesticide and the extent of inhibition is correlated to the concentration of the analyte. Other enzymatic methods such as the organophosphorus hydrolase assay use the analyte as a substrate, with the result that a positive signal is generated through the production of hydrolysis products rather than merely the inhibition of the enzyme. Evtugyn *et al*. gives a good overview on different enzymes that can be used for detection of toxicants.\[[@ref1]\]

AChE catalyzes the hydrolysis of acetylcholine, which is a neurotransmitter\[[@ref2]\] in the synaptic membrane to prevent its accumulation. This degradation process results in a lowered level of acetylcholine, and ultimately the termination of nerve impulses. OP compounds covalently block the active site of serine residue of AChE by undergoing nucleophilic attack to produce a serine-phosphoester adduct. This irreversible inactivation leads to an excess accumulation of acetylcholines in the peripheral and central nervous system causing cholinergic manifestations. At high doses, there is depression of the respiratory centre in the brain, followed by peripheral neuromuscular blocked causing respiratory paralysis and death.\[[@ref3][@ref4]\] AChE gene polymorphisms have been studied extensively in the recent past mainly due to the interest in treatment of Alzheimer\'s disease. However, AChE is a highly conserved molecule, and only a few naturally occurring genetic polymorphisms have been reported in the human gene.\[[@ref5]\] Hence, in this study we planned to retrospectively analyze the utility of serial measurements of serum AChE in predicting the duration of stay in the ICU, duration of mechanical ventilation (MV) and outcome of the patient from MV in OP compound poisoning patients.

MATERIALS AND METHODS {#sec1-2}
=====================

The medical records of patients who presented to tertiary care hospital with symptomatic insecticidal poisoning from January 2009 to December 2010 were utilized for the study purpose. As a protocol in our study, all cases that presented with symptomatic organophosphate poisoning, whose serial AChE activity levels were available and who did not have any other underlying diseases were included in the study. Patients with history of other co-morbid conditions and chronic illness like diabetes mellitus, hypertension were excluded from the study. Data regarding clinical manifestation at presentation, AChE activity results and its interpretation, details of patient management, duration of stay in the ICU, duration of MV and data on outcomes of patients were noted. The measurement of AChE activity was conducted as described by others\[[@ref6]\]. The procedure included addition of serum sample (20 μl) and 0.1 ml of 5% solution of acetylthiocholine iodide to 3 ml of dithiobisnitrobenzoic acid solution at 25°C. The mixture was mixed and the absorbance at 405 nm at 30 s interval was recorded for 2 min. The difference in absorbance was considered for estimation of AChE activity.

Statistical analysis was performed using the tabulated data collected from case records of patients with OP poisoning. One way ANOVA was used to estimate the utility of serial measurements of serum AChE. Receiver Operator Characteristics were constructed to determine the cut off levels of acetylcholinesterse to determine the length of stay in ICU, number of days on mechanical ventilation and the outcome of the patient. Differences were considered significant if the *P* value was \<0.05. All statistical analysis was performed using MEDCALC statistical analysis software version 10.2.

RESULTS {#sec1-3}
=======

Forty four patients with history of poisoning were admitted between January 2009 and December 2010 with an age range of 02 - 60 years. All of them were adults except a two year old girl where mother had consumed poison and fed it to the baby also. Majority of the cases were males (83.8%). 48.6% of the patients were smokers and 45.9% of the patients were alcoholics. [Table 1](#T1){ref-type="table"} shows the poison compound used by the study group. Only patients with consumption of organophosphate compound were included in the study group.

###### 

Distribution of subjects based on the substance used for poisoning
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The patients were divided into two groups based on the number of days they stayed in ICU; Group 1 \< 7 days and Group 2 \> 7 days. The POP score was significantly increased in group 2 (*P* value \< 0.05) and the serum AChE levels on day three, four and five was significantly decreased in group 2 (*P* value \< 0.05) \[[Table 2](#T2){ref-type="table"}\]. The ROC curves when constructed for the two groups did not show any significant cut off points for serum AChE levels to indicate the length of ICU stay on day 1 and day 2. However, ROC curves showed significant cut off points at 1,250 IU/L (sensitivity of 75 and specificity of 71.43), 1,789 IU/L (sensitivity of 81.25 and specificity of 76.19) and 2,764 IU/L (sensitivity of 87.5 and specificity of 66.67) on day three, four and five respectively \[[Figure 1](#F1){ref-type="fig"}\].

###### 

Variables in the two groups based on the number of days in ICU

![](TI-19-255-g002)

![ROC curves of the acetylcholinesterase levels in the two groups of patients based on the number of days in the ICU](TI-19-255-g003){#F1}

The patients were divided into three groups based on the number of days on mechanical ventilation; Group 1 not on MV, Group 2 on MV for \<7 days and Group 3 on MV for \>7 days. Younger patients were weaned from MV much earlier than the older patients. The POP score was significantly increased in group 2 when compared to group 1 (*P value* \< 0.001) and in group 3 when compared to group 2 and group 1 (*P value* \< 0.001). The serum AChE levels on day three and five were significantly decreased in group 3 when compared to group 1 (*P value* \< 0.05) \[[Table 3](#T3){ref-type="table"}\]. The ROC curves when constructed for the two groups (MV \<7 days and MV \>7 days) showed significant cut off points at 975 IU/L (sensitivity of 80 and specificity of 68.2), 876 IU/L (sensitivity of 90 and specificity of 66.7), 1,245 IU/L (sensitivity of 90 and specificity of 68.2), 1,395 IU/L (sensitivity of 90 and specificity of 72.7) and 1,875 IU/L (sensitivity of 80 and specificity of 81.8) on day one, two, three, four and five respectively \[[Figure 2](#F2){ref-type="fig"}\].

###### 

Variables in the three groups based on the number of days on mechanical ventilator
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![ROC curves of the acetylcholinesterase levels in the two groups of patients based on the number of days on mechanical ventilation](TI-19-255-g005){#F2}

The patients were divided into two groups based on the condition of the patient at the time of discharge; Group 1 survivors and Group 2 non survivors. None of the variables showed significant changes among the two groups \[[Table 4](#T4){ref-type="table"}\]. The ROC curves when constructed for the two groups did not show any significant cut off points for serum AChE levels to indicate condition of the patient at the time of discharge on day one. However, ROC curves showed significant cut off points at 870 IU/L (sensitivity of 68.7 and specificity of 100), 1,110 IU/L (sensitivity of 61.7 and specificity of 100), 1,020 IU/L (sensitivity of 78.8 and specificity of 100) and 885 IU/L (sensitivity of 87.9 and specificity of 100) on day 2 (*P value* \< 0.05), day three (*P value* \< 0.0001), day 4 (*P value* \< 0.0001) and day 5 (*P value* \< 0.0001) respectively \[[Figure 3](#F3){ref-type="fig"}\].

###### 

Variables in the two groups based on the condition at the time of discharge
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DISCUSSION {#sec1-4}
==========

The majority of poisoning cases were due to intentional oral ingestion of the insecticide (attempted suicide). The poisoning severity at the time of admission was determined based on Peradeniya organophosphate poisoning scale (POP scale).\[[@ref7]\] However, all the patients included in the study belonged to the moderate poisoning category as per the POP scale. The average number of days stayed by the patients in the hospital, ICU and on MV is shown in [Table 5](#T5){ref-type="table"}. [Table 5](#T5){ref-type="table"} also shows the number of patients who stayed in the hospital, ICU and on MV for \<7 days and \>7 days. Among the 37 patients only nine patients were discharged from the hospital within seven days. All of them were admitted in the ICU and 32 of them were intubated and put on MV.

###### 

Average number of days in the hospital, ICU and on mechanical ventilation

![](TI-19-255-g008)

The mean serum AChE levels were 2,346.5 IU/L ±2,650.3, 2,161.8 IU/L ±2,719.2, 2,648.6 IU/L ±2,969.8, 3,104 IU/L ±3,279.1, 3,617.2 IU/L ±3,460.4 on day one, two, three, four and five respectively \[[Figure 4](#F4){ref-type="fig"}\]. Two mg of atropine was given as a test dose followed by 2 mg every 10--20 min as required to keep the patient atropinized. A bolus dose of oxime was instituted in 7 patients. Thirty three patients improved and were discharged from the hospital however; four patients succumbed to the poisonous compound.
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With the increase in the use of OP compounds for agricultural and industrial purposes and due to easy access and low cost, OP poisoning is becoming the commonest cause of morbidity and mortality. All signs and symptoms of OP poisoning are cholinergic in nature and affect muscarinic, nicotinic and central nervous system receptors.\[[@ref8]\] The critical symptoms in the management are respiratory symptoms. Depression of plasma pseudocholinesterase and/or RBC acetylcholinesterase enzyme activities are generally available biochemical indicators for excessive absorption of OP compound.

The enzyme depression is usually apparent within a few minutes to hours after significant consumption of OP compounds. Paraoxonases (PON) are a group of enzymes involved in the hydrolysis of organophosphates. The three known isoforms of PON (PON1, PON2, PON3) are coded by a PON set of genes on located on the long arm of chromosome 7. Reduced PON1 activities could be expected to subject carriers of this *ACHE* polymorphism to additional risk because of the insufficient PON1 capacity to hydrolyze organophosphate (OP) AChE inhibitors. Constitutive AChE overproduction such as occurs in carriers of the ∆*ACHE* mutation prevents sufficient overproduction of the scavenging AChE molecules upon exposure to anti-AChEs.\[[@ref9]\]

The standard treatment consists of reversal of the biochemical effects of acetylcholine with atropine for either OPs or carbamates poisoning and reactivation of the inhibited acetylcholinesterase with an oxime antidote, which should be administered as early as possible for OPs but it is contraindicated in carbamates poisoning.\[[@ref10]\] Studies have shown that differential diagnosis of either carbamates or OPs poisoning can be achieved and the efficacy of antidote therapy can be evaluated by utilizing serial measurements of BuChE activities and the proposed model curves.\[[@ref11]\] However, the cut off levels of the enzymes below which the patient will have poor prognosis has not yet been determined. Hence, in this study we have attempted to document the critical levels of the enzymes from day one to five.

Serum acetycholinesterase levels below 1,250 IU/L, 1,789 IU/L and 2,764 IU/L on day three, four and five respectively indicates longer duration of stay in the ICU. Patients with serum acetylcholinesterase levels below 975 IU/L, 876 IU/L, 1,245 IU/L, 1,395 IU/L and 1,875 IU/L on day one, two, three, four and five respectively take a longer time to be out of mechanical ventilation. Levels below 870 IU/L, 1,110 IU/L, 1,020 IU/L and 885 IU/L on day two, three, four and five respectively indicate poor prognosis of the patient and mortality.

However, small sample size is the limitation of the study. The data of this retrospective study can be taken as a preliminary data for the conduct of large scale prospective study and validate these findings. We conclude that the serial measurements of serum acetylcholinesterase can be useful in predicting the length of ICU stay, duration of mechanical ventilation and the prognosis of the patient with OP poisoning.
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